INTRODUCTION
The transition of the superconductor from the normal to the superconductitig state is accompanied by the emergence of a narrow forbidding band -superconducting energy gap in the electronic energy spectrum of materials. The width of the superconducting energy gap is one of the most important characteristics of the superconductor. The theoretical fundamental of using field electron emission spectroscopy (FEES) for determination of the gap width worked out fairly long ago [I, 21. However, the small size of the gap in case of classical superconductors and limited energy resolution of existing analyzers [3] have not yet made it possible to use FEES for measuring gap size. Investigations of Bi-superconductors at temperatures above and below superconducting transition temperature (Tc) using FEES conducted by Ernst et a1 [4] have shown that in case of high temperature superconducting (HTSC) materials the use of this method is more promising.
Field emission techniques offer'some advantages over other methods for the investigation of crystalline and electronic structures, namely, high spatial resolution, observation of the state of the object under investigation, and contactlessness [3, . Field ion microscopy (FIM) of a HTSC specimen allows one to observe a surface with atomic resolution and to analyze the bulk atomic structure by means of controlled field evaporation of the surface atom layers of the material itself. Field electron emission microscopy (FEM) and spectroscopy allow one to obtain information about the electronic properties of the specimen surface cleaned by field evaporation [12-161. Field electron emission spectroscopy of YB%Cu,O,, single crystals at temperatures above and below superconducting transition temperature Tc , is a continuation of a series of our investigation of the electronic structure and emissive properties of atomically clean surfaces of these compound using field emission techniques . Field emission investigations of this compound at temperatures above the superconducting transition temperature Tc have shown similar features of field emission from HTSC and metals . Field electron emission spectroscopy of HTSC single crystals at temperatures below the superconducting transition temperature Tc would make it possible to obtain information on * A part of expenses incurred during this work has been covered by one of the authors (S.I. Shkuratov).
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EXPERDlENTAL PROCEDURES
The investigations were carried out in a specially designed set-up [14, 18, 191 consisting of a dispersion-type field electron emission spectrometer [20] combined with a field ion microscope and field electron emission microscope. An ultra high vacuum OJHV) chamber is equipped with a vacuum lock to mount a specimen without breaking vacuum in the main chamber. The best attainable vacuum for this system is 5x10-l1 Torr. Estimation of the spectrometer resolution by using the Young and Kuyatt criterion [21] (the 10 -90 % level of the energy distribution leading edge of tungsten) gives 30 meV. The transmission energy of the analyzer dispersion element is variable in steps of 5 meV. The experiments were carried out at 75 K (cooling agent -liquid helium), 115 K (cooling agent -liquid nitrogen) and 300 K.
YB%Cu,O,, single crystals were grown by the solution -in -melt method [22] . The single crystal dimensions were 2x2 mm2 and 0.03-0.1 mm in thickness. X -ray and metallographic analyses did not show any inclusions on the surface or in the bulk of single crystals. Lattice parameters measured in various parts of the single crystals showed the same values (a = 0.3817, b = 0.3886, c = 1.1684 nm). The superconductivity transition temperature Tc measured by inductive rnethod was equal to 92 K (ATc = 0.1 K). The tip specimens were prepared by a specially developed technique [23] : soldering of HTSC specimens to a metallic needle substrate. This method ensures a low electric resistivity and low noise of contact between HTSC and metallic substrate.
Field ion microscopy of HTSC specimens was the first stage of spectroscopic investigation and made it possible to prepare in situ an atomically smooth surface by field evaporation of atoms from the more protruding areas at the apex of the tip specimen and visualize it with a separate atom resolution. Molecular nitrogen [ l l ] was used as an imaging gas. After evacuation of the imaging gas down to P = l~l 0 ' '~ Tom, the tip surface was cleaned by a controlled field evaporation of the atomic layers of the material, which excluded any chemical, radiation or thermal effect on the object under investigation. The next stage in the investigation of the HTSC specimen was the field electron emission microscopy and field electron emission spectroscopy. The surface was cleaned by field evaporation directly before each FEES and FEM measurement.
RESULTS AND DISCUSSION
Field ion images of YB%Cu,O,, showed a ring pattern typical of a perfect surfaces (Fig. la) . The analysis of the bulk atomic structure by examing the specimen surface during the process of consequent removal of material atoms by an electric field showed the absence of defects in the crystalline structure of the investigated specimens. A comparative analysis of numerically simulated [24, 25] reduction of the emission region owing to the decrease of density of charge carriers and the penetration of the electric field deeper into the subsurface layer of the specimens [26] . Similarly to metals, current-voltage characteristics (CVC's) of field electron emission currents from field evaporated cleaned surfaces of YB?Cu,06, emitters on the Fowler-Nordheim coordinates have no breaks ( fig.2) . Measurements of CVC's at different temperatures showed that an emission current does not changes with cooling. It is also a typical metallic behaviour of the material [26] . The work hnction was calculated fiom the slop of the Fowler-Nordheim plot is 4 G 6.1 eV (T = 1 15 K, average data for seven specimens). Figure 3 shows total-energy distribution of field emitted electrons (TED) from field evaporated cleaned surface of YB%Cu306, single crystal specimen at 300 K, and TED from the same specimen at 1 15 K at equal value of high voltage. Each specimen under investigation was treated by thennocycling (1 15 K and 300 K) 2-3 times. The results of field emission measurements were stable and reproducible. The spectroscopy of YBqC%O,, shows that cooling of the specimen resulted in increasing of the rate of increase at the Fermi edge of the electronic spectrum. Calculations based on a free electron model [3] show that this behaviour of TED'S is typical of metals. Experiments made on a tungsten The theoretical fundamentals of using the field electron emission spectroscopy technique for the determination of the size of superconducting energy gap were worked out long before the discovery of HTSC materials [1, 2] . A schematic diagram of the interface HTSC (in superconducting state) -vacuum in a strong external electric field is shown in fig.4 . The transition of the tip emitter from the normal to superconducting state leads to the appearance of the superconducting gap in electronic energy spectrum [1, 2] and to a behaviour of the density of states near the gap of a following kind: 
CONCLUSIONS
It is shown that in the total-energy distributions of field emitted electrons from HTSC emitters which are in the superconducting state a superconducting energy gap revealed. Investigations using FEES techniques make it possible to study the electronic properties of atomically clean (not depleted in oxygen) surfaces of HTSC materials and to determine the width of the superconducting energy gap with a high spatial resolution.
